Specific heat measurements of organic superconductivity in (TMTSF) 2ClO4
P. Garoche (ii) However, if the thermal energy kT is less than the energy characteristic of the intrachain interaction ~7B significant short-range correlations can develop along the chain [2] .
(iii) [5] .
The recent discovery of superconductivity in an organic conductor, the conducting chargetransfer salt (TMTSF)2PF6 [6] , showing low dimensional features in its electronic properties has provided a unique opportunity to investigate the validity of the features of 1-D theory mentioned above. Presently, the interpretation of the experimental results related to the establishment of superconductivity in (TMTSF)2PF6 is somewhat controversial. On the one hand, the Orsay group has claimed [7] that strong superconducting I-D precursor effects exist at temperatures significantly larger than the onset of 3-D order. Fluctuations effects have been claimed up to 30 K or so whereas 3-D order occurs only below T3 ~ 1.2 K. On the,other hand the UCLA-IBM team has proposed an alternative explanation to the very peculiar low temperature properties of (TMTSF)2PF6 and related compounds in terms of very high mobility carriers in a 2-D conductor [8] .
Since the Physics of Q-1-D conductors implies the existence of two energy scales, one which is related to the large intrachain coupling and the other which corresponds to the much weaker interchain interaction we deemed it necessary to clarify this point on an experimental basis through an investigation of the thermodynamic properties of the 3-D superconducting transition.
It is the purpose of this article to report the first observation of Organic Superconductivity in (TMTSF)2CI04 via specific heat measurements. The specific heat of (TMTSF)2CI04 single crystals has been studied between 0.4 and 2 K with low frequency calorimetric technique described elsewhere [9] .
Eight Figure lb displays the molar electronic contribution to the specific heat after removal of the lattice contribution previously derived. The C/T versus T plot of figure lb allows a very accurate determination of both the critical temperature and the specific heat jump at the transition. Approximating the specific heat anomaly in the transition region by the usual triangular approximation with an equal area argument [10] , we derive from the data of figure lb, Tc 1.43 [11] . The value of Tc obtained in the present experiment is in fair agreement with resistivity [12, 13] and Meissner effect data [14, 15] . Figure 2 shows the behaviour of the specific heat for a field of 63 kOe. In figure 2a , the total sample specific heat (including the lattice contribution) is displayed on a Cl T versus T 2 plot. After subtraction of a lattice contribution derived from the zero field data we get the electronic contribution plotted in figure 2b. This figure exhibits several striking features :
(i) The electronic specific heat vanishes as T goes to zero implying therefore that the ground state of (TMTSF)2CI04 under high magnetic field contains only a very low density of states at the Fermi level. Obviously this low density of states cannot be attributed to a single particle gap resulting from superconductivity since H 2 (~~c*) is about 0.5 kOe for (TMTSF)2CI04 around 0.4 K.
Therefore, we are forced to conclude that the data of figure 2b imply the stabilization of a low density of states phase (a semiconducting or more likely a semimetallic phase) in (TMTSF)2CI04 at very low temperatures under high field.
(ii) Going up in the temperature, figure 2b reveals a specific heat anomaly at T ~ 1.4 K which marks the existence of the phase transition between the low temperature low density of carriers state and the high temperature conducting state.
(iii) The electronic specific heat of the conducting state above 1.4 is about 70 % larger than the corresponding value in zero field. Consequently the density of states of (TMTSF)2Clû4 measured at T ~ 2 K is enhanced by the application of a magnetic field. This point will be made clearer in a forthcoming study of the specific heat at higher temperatures [17] . We shall now proceed to a discussion of the high field specific heat data of (TMTSF)2CI04 within the framework of the electronic properties of the other members of the (TMTSF)2X series. We first note that the low temperature behaviour of (TMTSF)2CIO 4 at the ambient pressure closely resembles that of the pressure stabilized conducting state of (TMTSF)2PF6 (at P &#x3E; 9 kbar or so). Consequently, we believe that the phase transition observed by NMR in (TMTSF)2PF6 under pressure and high magnetic field at about 2 K [18] bears striking similarities with the transition observed in the present study at 1.4 K and 63 kOe for (TMTSF)2CI04.
Secondly the present study clarifies the unusual behaviour of the de Haas-Shubnikov effect observed at 1.1 K in (TMTSF)2PF6 under pressure [19] , namely that quantum oscillations at T = 1.1 K are observed only when a low N(EF) (semimetallic) state is stabilized by the application of a large magnetic field corresponding to an onset field along the c*-axis of about 60 kOe.
The restoration of a semimetallic state under high magnetic field provides a very simple interpretation of the large transverse magnetoresistance for H//c* which is observed in the helium temperature range in (TMTSF)2CI04 or in the pressure stabilized conducting phase of (TMTSF)2PF6 [20] or (TMTSF)2AsF6 [21] . For fields aligned with the b-direction, the magnetoresistance is significantly smaller [21] in agreement with an interchain coupling much weaker in the c-direction than along the b-direction [22] . The 
